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DENSITY, BIOMASS, AND DIVERSITY OF GRASSHOPPERS
(ORTHOPTERA: ACRIDIDAE) IN A CALIFORNIA NATIVE GRASSLAND
Eric E. Porter 1,2, Richard A. Redak l , and H. Eliz...1.belh Braker3
All~'mACT-A

native California perennial grassland was sampled for grasshopper populations. The grassland is man·
aged for the preservation of the native perennial bunchgrass, Nassella pulchra Hitch. Grasshopper density, biomass,
diversity, and richne~s were measured from July 1993 tn October 1994. Average density of all grasshoppers was 2.30
hoppers/m 2 (0.66 s) for 1994 (June through August). Overall forage consumed for 1994 was 140 kg;ha. suggesting that
grasshopper populations exist at economically damaging levels. Grasshoppers do not appear in the grassJand~ until late
spdnK, after annual gra.~ses have set seed. Biomass of grasshoppers peaks in July when adults are predominant. Both
b'1'asshop~r density and biomass were higher in 1993 than in 1994, and a total of 5 species were found throughout the
study. MelmlOplus sanguinipes F"lbricus dominated the acridid communities and accounted for more than 95% of the
individualli.

Key words: Nassella pulchra, Melanoplus sanguinipes, California native grassland, density, diversity, grassht:Jpper
herbivory, Acrididae.

California's native perelmial bunchgrass
communities have heen reduced to less than
I % of their original range (Heady 1977), with
much of this loss attributable directly to the
development of aWicultural and urban areas
(Huenneke 1989). Additionally, most nndeveloped patches of native grasslands have converted to grasslands dominated by annual
grasses native to the Mediterranean region
Oackson 1985). Factors leading to the success
of these Mediterranean species are not com·
pletely understood; however, heavy grazing
pressure has heen implicated as a major factor
that favors these more ruderal annual species
(Burcham 1957). In their pristine state, before
the arrival of European settlers, California's
grasslands had light grazing pressure (Wagner
1989). Removal of major anthropogenJc disturbances such as grazing and fire does not lead
to the recovery of native perennial grasslands
(White 1967, Keeley 1981). Most investigators
now agree that the annual grass species should
be considered naturalized, and a return to the
pristine disturbance pattern will not lead to
reestablishment of native grasslands (Heady
1977).
Joem (1989) suggests that through differential herbivOly upon the pereonJal grasses (relative to annuals), grasshoppers may have contributed to the establishment of exotic aonual

gnlsses in California's native grasslands. Grass·
hopper herbivory is presumed to be greatest
in summer months when annual grasses already
have set their seed and prior to germination in
the fall Ooern 1989). Therefore, only perennial
grasses and summer [orbs are susceptible to
damage by grasshopper herbivory. Furthermore,
many grasshopper species exhibit preference
for perennial grasses in the field (Capinera and
Sechrist 1982). Joern (1989) suggests that this
phenology-based, selective damage could reduce the competitive ability of native perennJal
grasses against naturalized annuals.
There are few data available to support or
refute Joem's (1989) hypothesis beyond basic
surveys of grasshoppers throughout the state
(Strohecker et al. 1968). No population or
community-level studies are available for California's grasshoppers in California native perennJal grasslands (e.g., population density, species
abundance, and biomass estimations). The objective of this study was to describe the grasshopper community found in a representative
remnant stand of native perennial grassland
over a period of 2 seasons. These data will
provide information necessary to understand
the role of grasshoppers in California's grasslands and should lead to more informed decisions for grassland conservation managers.

1Dcp;.1l'tmcwt "rEJllon~, Unlvenlly of Ca!ifomja lit Ri"t:rsidll, Rlvenkle. CA 9'1521.
Il'kwc ~l ~1I Clll'T1lSllO.JllCellce to thll lull"".
~Dcp;If'!lfl(,"J1t"rlJiulom'. Ocddt'fltal Olllegc. ~ Angeb, CA!IOO41.
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METHODS AND MATERIALS

Study Area
The study was conducted in the Santa Rosa

Plateau Ecological Reserve (SRPER), located
10 km west of Murrieta, California. The site is
actively managed by The Nature Conservancy
for the restoration and preservation of its fare
habitats. The reserve covers 2800 ha and contains about 1200 ha of native perennial grass-
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and August 1994. Grasshoppers were identified to species and weighed to the nearest mg.

Identifications provided the proportion of
adults (pJ in each sample. Given total density
(d), adult density (dJ was calculated with the
following formula:

da

= (d) * (Pol.

Species diversity was measured using the

lands amongst oak woodlands, coastal sage

Shannon-Weiner index (Pielou 1977). Feeding

scrub, and chaparral. Six sites were established
within the perennial grasslands. These sites
were burned in June of 1992 as a management
practice to retard annual grass establishment.
Grazing has been excluded from all sites since

category designations follow Capinera and

at least 1990 (R. Wells, SRPER reserve man-

Sechrist (1982) and Olte (1981; graminivorous,
forbivorous, or mixed). Identification of nymphal
stages is difficult, and damaging feeding does
not occur until the 4th instar (Onsager 1984).
Therefore, wbere possible, adult grasshopper

ager, personal communication).

data are analyzed separately from total grass-

Purple needle grass (Nassella pulehra A.
Hitch.) is the most abundant native grass in

hopper data.

the reserve. Common exotic annual grasses

include ,lender wild oats (Avena barbata Link)
and red brome (Bromus laevipes rubens Labill).
Common forbs include annual bursage (Ambrosia acanthiearpa Hook.), doveweed (Eremocarpus setigerus II.), and filaree (Erodium
eieutarium Ll-Ier.; Lathrop and Thome 1985).
Grasshopper Sampling
Six transects were arbitrarily placed throughout the perennial grassland areas representing
maximum topographic and vegetational heterogeneity. Each transect measured 200 ill

long by 20 m wide. Grasshopper density was
determined with twenty 0.25-m2 hoops
(Onsager and Henry 1977, Thompson 1987).

REsur;rs
Species of grasshoppers collected are listed
with subfamily and known feeding prefer-

ences (Table 1). Average grasshopper density
for the 1994 season (June-August) was 2.30
grasshoppers/m2 (Table 1). Density measurement began too late in the season to estimate

an average for 1993. A total 198 GHD were
determined for 1994, leading to an estimated
140 kg/ha of forage consumed. Density estimates of zero grasshoppers/m2 were found from

November 1993 through May 1994. Density
peaked in June for 1994 at 2.9 grasshoppersl
m 2 . This peak in density was dominated by
immature stages (Fig. lA). Density measures

beginning in July 1993. Grasshopper days

were higher in 1993 than in 1994 for all paired
sample dates in July, August, and October (f =
4.69, df = 1, 20; P ~ 0.041). Biomass peaked

(GHD) and forage consumption estimates

in July when most grasshoppers were in the

were determined following Onsager (1984).
GHD is a measure of total grasshoppers found
per m 2 for a given year. Forage consumption is
an estimate of the yearly forage consumption

adult stage (Fig. IB). Biomass days for 1994
totaled 13.2 g_d/m 2 (Table 1). Peak biomass
(August) was higher in 1993 than in 1994 (t ~
2.43; P ~ 0.036).

of grasshoppers based on estimated daily consumption (0.65 times body weight) and GHD.

The Shannon-Weiner diversity index, including adults and nymphs combined, averaged

Biomass-days were calculated using the same

0.140 over the 5 collection dates (Fig. 2A). The
peak in adult diversity, in June 1994, represents only 6 individuals of 2 species. Combined

Hoops were placed along each transect at lOrn intervals. Density was determined monthly

formula for GHD replacing grasshoppers/m2
with g/m2 . When possible (density >0.5 grasshoppers/m2 ), 100 individual grasshoppers
were collected from each site and frozen
immediately. These collections were taken
directly following density counts and were

made in August and October 1993; June, July,

adult and nymph species richness averaged

3.4 for the sampled dates. Highest species
richness was found in August. In total, 5 grasshopper species were found in these sites for
the collection dates.
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TABLE 1. Species of grasshoppers collected in 1993-94 on the SRPER with Imown feeding types (Capinera and
Sechrist 1982. Otte 1981) and appearance, % composition, GHD, biomass·days, average density, and weight as calcu·
lated for the sampling period.

CHIJo

Average
Sub- Feeding
%
(grasshopper Biomass· density
adult
family.t
typeh Appearance composition
days/m 2)
da)',se
(#/m 2)' weight (mg)

Species

Average

ClunnuW peUucida
Scudder
Melanoplus aridus
Scudder
Melanoplus sangutnipes
Fabricus

0

G

May-Aug

0.2

0.36

0.076

<0.01

72

M

N/A

Jun-Aug

0.3

0.50

0.031

<0.01

90

M

M

May-OCl

97.5

193.47

12.754

2.24

132

G
G

G
G

May-Qct

1.6
0.5

3.18
0.89

0.375
0121

0.03
0.01

81
61

13.240

2.30

131

Menneria bivittata
Senrille

Psolessa texana Scudder

Jun-Oct

19S

TOTAL

no - Ckdil'odillilOj, ~1 •

Mel~llloplill,le, G '" Gomph.x:erin"e

1'(; '" !{mss, M _ miM.'l.!, NIl\. "" not nw.ilahle
"G J fD, hi<,u\.;l.'i.~..da}'~, und a\'el'll-ge Jel1.~i1r for 1994 S(';l.Wll on1r

DISCUSSION

Grasshopper populations in the SRPER
appear in late Mayor early June. Grasshopper
biomass peaks, and the most severe herbivory
occurs, in July and August. By this time,
annual grasses have already died and their
seeds are buried and protected from aboveground herbivory (Savelle and Heady 1970).
Grasshopper densities decrease dramatically
after August, and few are present by October.
Annual grasses are triggered to germinate
after the first fall rains (Heady 1958). By the
time these rains arrive, grasshopper densities
are near 0; therefore, both the mature annual
grasses and their seedlings escape serious grasshopper herbivory.
One species, Melanoplus sanguinipes,
accounted for over 95% of grasshoppers found
in SRPER (Table 1). This species commonly
damages crops and rangelands throughout
North America (Hewitt 1977). Intense outbreaks are common and can remove up to 92%
of aboveground vegetation (Nerney 1966, Hilbert and Logan 1981). MelanopiID satlguinipes
is classified as a mixed feeder and may prefer
grasses or forbs depending upon the area sampled. 1£ M. sanguinipes feeds extensively on
grasses within the SRPER, given ils phenology, it will damage perennial grasses more
than annual grasses. Overall forage consumption was 140 kg/ha in 1994, which is an economically damaging level according to Onsager
(1984). However, using M. sanguinipes in a
shortgrass prairie community, Quinn et a1.
(1993) found significant reductions in grass

biomass only at grasshopper densities equivalent to 845 GHD or greater. We found only
198 GHD in 1994, suggesting that densities
during these years may not greatly a1fect grassland plant community dynamics according to
Quinn (1993).
The climate of California's grasslands makes
comparison with other North American studies difficult. Most comparable studies examine
tallgrass, mixed-grass, and shortgrass prairies
east of the Sierra Nevada. The dry, hot summers
that characterize California's Mediterranean
climate severely limit growth (Risser et a1.
1981). Regrowth follOWing summer herbivOry
is Similarly linlited. Clearly, only perennial
grasses are susceptible to herbivory at this
time, and the actual effect of such herbiVOry in
California grasslands is undocumented. Therefore, specific studies on Ihe effect of grasshopper herbivory on native California grasslands must be conducted to predict the level
and type of infestation, if any, that may favor
annual grasses over native perennial species.
California's grasshopper fauna is rich, compared to other North American regions, with
over 120 species (Joem 1989). About half of
these grasshopper species are considered
rangeland species. Southern California has the
richest grasshopper fauna of any region in California (Strohecker 1968). Still, richness for
the SRPER was very low compared to other
studies of North American grasslands. Few
studies repOlt diversity indexes, but richness
has been measured for other native North
American grasslands. Richness is nearly always
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Fig. 1. (A) Grasshopper density for all sampling dates
and (B) biomass for dates collected (a = proportion of

o

adults vs. nymphs unknown for July 1993).
Fig. 2. Diversity (A) and species richness (B) for all
dates in which collections were made.

higher than the value of 5 species determined
here (e.g., Joern 1982, Evans 1988). We feel it
is likely that the grasshopper community is
particularly species depauperate due to isolation of the SRPER grasslands (MacArthur and
Wilson 1967). Frequent burning of the grasslands may also help explain the low diversity
found in the SRPER. On the other hand,
burned sites contain more even species compositions than unburned grasslands and contain species not found in unburned sites (Porter
1995). Therefore, we feel that to preserve the
diversity of not only grasshoppers but presumably many arthropods, birds, plants, and other
taxa, it may be necessary to preserve larger
tracts of native grasslands. Furthermore, the
effects of grasshopper herbivory in these grasslands must be accounted for in a well-rounded
conservation effort.
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